Aims: We aimed to analyze incidence and characteristics of patients with diabetic ketosis (DK) and diabetic ketoacidosis (DKA) in Caucasian adults with type 2 diabetes mellitus (T2DM). Methods: Studied population included 261,749 adults. DK criteria included plasma glucose >13.9 mmol/L and ketonuria >2, while in DKA bicarbonate <18 mEq/L or pH<7.30 was also required. Hyperglycemic crises without these criteria were defined as non-ketotic hyperglycemia (NKH). Results: During a 5-year period, we observed 630 episodes of DK and 215 episodes of DKA. Only 8.6% of DK episodes and 34.4% of DKA were attributed to type 1 diabetes mellitus (T1DM). Patients with T1DM were younger, leaner, majority had newly diagnosed disease, and hyperglycemia was the main cause of admission. Standardized incidence ratio for DK was 48.1 (95% confidence interval [CI] 44.5-52.1) and 17.0 (95% CI 14.9-19.4) for DKA. Incidence for both DK and DKA was increasing with age. In patients younger than 50, the incidence of DK and DKA was similar. However, dramatic rise in the incidence of DK was observed in both sexes after the age of 50. When compared with patients with NKH, the patients with DK had higher serum pH and bicarbonates. Patients with T2DM had a risk of 0.8% for developing DKA and 2.9% for DK over 5-year period. Conclusions: Our study showed that DK and DKA are not uncommon in Caucasian adults and the majority of episodes were contributed to T2DM. Incidence of DK is far more higher than the incidence of DKA in patients older than 50, who predominantly have T2DM. Moreover, patients with DK have higher serum pH and bicarbonates, both of which imply that DK and DKA are distinct clinical entities in patients with T2DM. Further studies are needed to assess the impact of these clinical entities.
Introduction
Current paradigms suggest that diabetic ketoacidosis (DKA) occurs in patients with type 1 diabetes mellitus (T1DM) [1] . Diabetic ketosis (DK) precedes the development of DKA in T1DM and requires careful self-monitoring, intensified treatment, and often leads to hospitalization. According to the current American Diabetes Association (ADA) guidelines, T1DM in adults is divided into two groups: Immune-mediated diabetes and idiopathic T1DM [2] . Immune-mediated diabetes or latent autoimmune diabetes of adults is characterized by the presence of beta-cell antibodies and progressive deterioration of beta-cell function, which leads to insulinopenia and long-term insulin therapy. On the other hand, the patients with idiopathic T1DM present with episodes of DKA and short-term insulin dependence, which often leads to restoration of beta-cell function and insulin withdrawal [3] .
DKA has recently drawn great attention due to several cases of DKA in patients taking sodium-glucose cotransporter 2 (SGLT2) inhibitors [4, 5] , a new class of antidiabetic drugs, and diabetologists have emphasized the importance of identifying these patients early. Furthermore, concerns have been raised regarding the current classification of diabetes mellitus (DM), and the need to update it. Ketosisprone diabetes or atypical diabetes is a poorly defined subgroup of type 2 diabetes mellitus (T2DM) of unknown pathogenesis and incidence, which predominantly occurs in obese Hispanic and Afro-American middleaged men in sub-Saharan Africa [6] [7] [8] [9] [10] . These patients usually have a strong family history of diabetes, a low prevalence of autoimmune markers, and lack HLA genetic association [11] . This subtype of T2DM has been divided into four categories based on the presence of antibodies and beta-cell function. Interestingly, approximately 75% of patients lack autoimmune markers, which are present in all patients with typical T1DM [11] . Absolute or relative insulin deficiency is the cornerstone of DK and DKA pathogenesis in T1DM [1] . On the other hand, evidence exists that the pathogenesis of DKA greatly differs in T2DM. It has been suggested that DKA in T2DM occurs due to impaired uptake and metabolism of ketone bodies rather than increased synthesis. Moreover, ketone bodies are mostly synthesized from amino acids (mostly leucine) rather than fatty acids, as is the case in T1DM [12] . The exact precipitating factors and regulatory mechanisms remain unknown, and the exact clinical role of DK in patients presenting to emergency departments with hyperglycemic crises has not yet been established. Therefore, determining the incidence of DK and DKA in adults is the first step in the assessment of disease burden and for planning future studies. Thus, we aimed to estimate the incidence of DK and DKA in a well-defined, predominantly Caucasian population.
Methods

Study protocol
This was a population-based, cross-sectional study performed in the emergency department of a teaching hospital. According to official Croatian census from 2011, the study population was comprised 261,749 adults in the City of Zagreb and Zagreb County. All patients within this residential area were admitted to our emergency department in case of hyperglycemic crisis. The primary aim of this study was to estimate the incidence of DK and DKA in a predominantly Caucasian population.
A secondary aim was to analyze laboratory findings, hospitalization rates and precipitating factors of DK and DKA in patients with T2DM and T1DM.
We reviewed electronic charts from all patients with plasma glucose (PG) > 13.9 mmol/L at admission between January 1, 2010, and December 31, 2014. DK was defined as PG >13.9 mmol/L, ketonuria >2+ and capillary blood bicarbonate level >18 mmol/L or capillary blood pH >7.30, while DKA was defined as PG >13.9 mmol/L, ketonuria >2+, and capillary blood bicarbonate level <18 mmol/L or capillary blood pH <7.30 [11] . Mild DKA was defined as capillary bicarbonate level 15-18 mmol/L, moderate 10-15 mmol/L, and severe as capillary bicarbonate level <10 mmol/L. Patients with PG >13.9 mmol/L and undetectable ketonuria were classified as non-ketotic hyperglycemia (NKH).
Age, gender, place of residence, readmission and hospitalization rates, the main reason for admission, and laboratory results were obtained for all patients via electronic records. A detailed review of medical history, comorbidities, medication, and physical examination was performed for all patients with DK and DKA, and for 486 patients with NKH who were age-and gendermatched to patients with DK. Diabetes-specific data (body mass index, duration of diabetes and years on insulin therapy) were obtained for approximately 60% of patients by searching other institutional electronic registries. The review of electronic charts was performed by medical doctors.
Classification of diabetes
In general, patients were considered to have T2DM if they did not have previously diagnosed T1DM. An additional search of hospital records and Croatian diabetes registry was performed for all patients with newly diagnosed diabetes to classify the patients as T1DM or T2DM. To validate the accuracy of this approach, we reviewed the diabetologist's charts within the first year of diagnosis of diabetes. T2DM was defined based on the presence of at least two of the following characteristics: Age >40 years, body mass index >25 kg/m 2 , and adequate glycemic control with oral antidiabetic drugs >1 year. A total of 776 patients were eligible for this analysis; 410 patients with NKH, 267 patients with DK and 99 patients with DKA. Based on the previously described model, 93.7% of patients with NKH, 83.1% of patients with DK, and 64.6% of patients were considered to have T2DM. Similar results were obtained when we classified patients with T1DM as previously established T1DM aged <40 years at initial diagnosis. Therefore, the patients were classified as T2DM if they did not have previously diagnosed T1DM and were 40 years of age or older at the time of initial diagnosis. This classification is also in accordance with Croatian diabetes epidemiological data since T2DM is very uncommon in young adults in Croatia. Moreover, we compared characteristics of patients with T2DM and T1DM presenting with DKA to demonstrate differences between these two types of diabetes and to validate our classification model.
Statistical analyses
Patient characteristics were assessed using descriptive statistics presented as a mean with standard deviation. Continuous variables were compared with one-way analysis of variance and Bonferroni method was used for post-hoc analysis. Categorical variables were analyzed using the Chi-square test. When comparing characteristics between patients with T2DM and T1DM, we used nonparametric statistics; Mann-Whitney test for continuous variables and Fisher exact test. Linear backward stepwise regression analysis was used to analyze the association between several laboratory parameters.
We used two approaches to estimate the incidence of DK and DKA. The primary analysis was performed by calculating crude incidence of visits per 100,000 person years. Age-and gender-adjusted incidence was calculated based on 2013 standard European population [13] . Age-and gender-standardized prevalence ratios are not available in Croatia; therefore, we could not calculate standardized incidence ratios for the specific patient populations with diabetes. To bring our data closer to clinicians, we estimated the prevalence of diabetes in the study population and calculated crude incidence rates of patients with DK and DKA per 100 persons with diabetes over the 5-year period. P < 0.05 was considered significant. The statistical analysis was performed with SPSS Version 20.0.
Results
Incidence of DK and DKA
Among 5,088 admissions of which patients had PG >13.9 mmol/L, acid-base status or urine analysis was missing in 1679 admissions and these patients were excluded from further analyses. The characteristics of excluded patients were similar to patients with NKH and only 3.6% of them were admitted for hyperglycemia. A flowchart of patients throughout the study is provided in Figure 1 . Among 3409 admissions, we observed 630 episodes of DK in 520 patients, 215 episodes of DKA in 165 patients, and 2562 episodes of NKH in 2041 patients. Only 8.6% of DK episodes and 34.4% of DKA episodes were attributed to T1DM. Approximately, 20% (397/3409) of patients were readmitted for a median of 2 [2, 3] times. Among readmitted NKH patients, 14.6% developed ketosis during the next visit, while 50% of patients in the DK group and 28% in the DKA group had NKH at their next visit. The overall age-and gender-adjusted incidence rate for DK was 48.1 (95% confidence interval [CI] 44.5-52.1) and 17.0 (95% CI 14.9-19.4) for DKA ( Table 1) . Incidence of DK and DKA was approximately 2-fold higher in male than in female patients. Incidence of DK and DKA in the general population increased with (Figure 2 ). The prevalence of diabetes in Croatia is estimated to 6.8%, of which 7% of patients have T1DM. Thus, we have estimated 17,799 patients with diabetes in our study population (1246 of T1DM and 16.553 of T2DM). After calculating crude incidence rates per patient, approximately 2.9% of patients with T1DM and 0.8% of patients with T2DM will develop at least one episode of DKA. Moreover, 3.0% of patients with T1DM and 2.9% of patients with T2DM will develop DK over the 5-year period.
Patient characteristics
When compared to NKH group, the patients with T2DM and DK or DKA were characterized by younger age, higher prevalence of male gender, rural residence, and higher rates of newly diagnosed diabetes, with the most common reason for admission being hyperglycemia (Table 2) . Patients with DK used more metformin and had higher estimated glomerular filtration rate, capillary blood pH and bicarbonate levels, when compared to both groups (Table 2) . Patients in DK and DKA had higher C-reactive protein (CRP) levels and a higher proportion of patients had CRP >50 mg/L, when compared to the NKH group. Interestingly, a lower proportion of patients with DK and DKA had an established diagnosis of infection as the main precipitating factor of hyperglycemic crisis. CRP levels correlated with capillary blood pH and bicarbonates levels in patients with T1DM, however, a similar association in patients with T2DM and DKA was not found. Symptoms were similar in all groups, except for vomiting, which was more often reported in patients with DK and DKA. Expectedly, patients with DKA had higher leukocyte counts, serum osmolarity, heart rate and were hospitalized more often (Table 2) . When compared to T1DM, patients with T2DM were older, had higher BMI, blood pressure, used more oral antidiabetic drugs and had lower hospitalization rates (Table 3) . In T1DM, patients with DKA had higher male predominance and higher rates of newly diagnosed diabetes. DKA in patients with T1DM was more acidotic, more commonly precipitated with therapy withdrawal and more associated with vomiting at admission. Infection was rarely associated with DKA in patients with T1DM and higher CRP levels in some patients can be explained by severe acidosis.
Discussion
To the best of our knowledge, this is the first study that estimated the incidence of DK and DKA in patients with adult-onset DM. Moreover, neither one study has provided sufficient details regarding DK and DKA in patients with T2DM. Hyperglycemic crises are associated with a three times higher incidence of mortality both in elderly and non-elderly patients. The long-term mortality rate of hyperglycemic crises in non-elderly and elderly patients is 14.1% and 36.2%, respectively [14, 15] . High mortality rates may also be precipitated by mistreatment as a consequence of inaccurate classification of DM. This emphasizes the need for improved knowledge and classification of these clinical entities.
DKA is a common acute complication in T1DM although increasing evidence exists that it may occur in T2DM as well. Some authors suggest that this specific type of T2DM should be classified as ketosis-prone T2DM [8] . The previous studies have reported that ketosis-prone T2DM mostly occurs in obese Hispanic and Afro-American middle-aged men, but also in patients in Sub-Saharan Africa. Our study is first to show that DKA and DK are not rare clinical entities in Caucasian Europeans. Moreover, the majority of patients with DKA and especially DK have clinical features of T2DM. Previous studies in the United States have reported that approximately 50% of patients with DKA have T2DM [6, 7, 9, 10] . On the other hand, studies on a Chinese population reported that DKA was far more common in patients with T2DM, where 68% of all patients with DKA had T2DM [16] , which is similar to our results. The high prevalence of T2DM in patients with DKA and DK may subject our study to criticism regarding the model used to classify the type of diabetes. Although we did not analyze the antibody status, serum insulin or C-peptide levels to classify the type of diabetes, a similar clinical model was used in previous studies [6, 7] . Basically, this model classified all lean patients younger than 40 years as T1DM and obese patients older than 40 years as T2DM. Moreover, if T1DM patients were well controlled with oral antidiabetic drugs for more than 1 year, they were reclassified as T2DM, and patients with T2DM who required constant insulin therapy were reclassified as T1DM. This seems like a reasonable approach, especially from a clinician's perspective. We must also point out that no current clinical guidelines require antibody status or serum C-peptide levels for diabetes classification or for treatment decisionmaking [17] . The clinical picture alone is usually enough to correctly classify patients with T2DM; therefore, the definition of T2DM used in our study is a reasonable one. Several points support our findings that the majority of patients with DKA and DK really do have T2DM. For instance, the number of admissions due to DKA in the United States has increased over the last decade [18] . Although the type of diabetes was not specified in those reports, the only logical explanation is the fact that DKA occurs both in T1DM and T2DM, and that the prevalence of T2DM is increasing worldwide, while the prevalence of T1DM remains unchanged. Therefore, we can conclude that the overall burden of DKA is mostly attributed to patients with T2DM. Although our study is not powered to analyze the change in incidence, we observed a modest increase in the incidence of DKA in patients with T2DM but not in patients with T1DM. Additional proof that DK and DKA occurred in patients with T2DM lies in the fact that their incidence increased with age, which correlates with the increase in the prevalence of T2DM. Thus, we can conclude that patients with T2DM present to the emergency department with DK and DKA more commonly and the overall incidence is higher in patients with T2DM.
Characteristics of patients with DK and DKA are the second point that needs to be discussed. First of all, there were profound differences in the majority of variables between patients with T1DM and T2DM, which additionally supports our model for diabetes classification.
Patients with T1DM were younger, the vast majority of them used only insulin therapy and presented with more severe forms of DKA. Interestingly, infection was a rare precipitating factor of DKA in T1DM. Patients with T2DM presenting with DK and DKA had higher CRP levels suggesting that infection was a more common precipitating factor in T2DM. However, a minority of patients had an established diagnosis of infectious disease after initial workup (laboratory findings, urine analysis, chest roentgenogram, and abdominal ultrasound). The previous studies on pediatric patients with T1DM reported that CRP correlates with the severity of acidosis, independently of the presence of infection [19, 20] . We found a similar association in patients with T1DM but not in patients with T2DM. Moreover, patients with DK had higher CRP levels with even higher capillary blood pH and bicarbonate levels and improved renal function, when compared to patients with NKH. Therefore, the clinical impact of CRP in patients with DK and DKA remains elusive.
When discussing only patients with T2DM, patients with DKA were younger than NKH and were more often males, as seen in the previous studies. Studies conducted on urban populations in the United States have also observed a higher incidence in patients of Afro-American and Hispanic ethnicity [6, 7] . The authors concluded that these patients had higher genetic susceptibility for developing DKA. In our study, residents of rural communities had a higher incidence of DKA, which suggests the possibility that socioeconomic status and health-care accessibility may be more important than ethnic determination and genetic variants.
Patients with DK and DKA share similar anthropometric features, which suggest that patients with DK may be at a higher risk of developing DKA. However, if DK precedes DKA in T2DM, one would expect laboratory findings consistent with compensated metabolic acidosis. On the contrary, patients with DK had higher bicarbonate levels when compared with patients with NKH. Moreover, in patients younger than 50, the incidence of DK and DKA was similar, while we observed a dramatic rise in the incidence of DK in both sexes after the age of 50. The majority of patients younger than 50 have T1DM, in which DK usually preceds DKA. Therefore, one could expect that the incidence of DK and DKA in patients with T1DM would be similar. However, patients older than 50 years mostley have T2DM, while the incidence of DK is far more higher. This implies that DK and DKA may be two distinct clinical entities in patients with T2DM. Further prospective studies are needed to elucidate the clinical impact of DK in patients with T2DM. However, the patients who had DK on their first admission were more likely to have DK at readmission. This supports the theory of ketosis-prone diabetes as a distinct subtype of T2DM. Current guidelines lack stringent criteria that distinguish T1DM from T2DM in adults. This issue is beyond the fact whether the patient has positive or negative beta-cell antibodies. Our study does not answer whether adult patients with an episode of DK or DKA should be classified as T1DM or as a specific subgroup of T2DM, but emphasizes the need for a more detailed classification of DM.
Our study has several limitations. The patients were classified as T1DM or T2DM based on clinical characteristics and we did not determine C-peptide or autoantibody status. However, patients with positive autoantibodies at diagnosis may be sufficiently controlled with oral antidiabetic drugs for several years. Thus, therapeutic decision-making regarding the initiation of insulin therapy may not depend on autoantibody status. A relatively high proportion of patients had missing urine analysis or acid-base status and one can raise concerns regarding the incidence of DK and DKA. However, patients with missing data had similar laboratory findings and anthropometric characteristics as patients with NKH. The majority of these patients had mild hyperglycemia, which was found incidentally during patient work-up. Therefore, we can conclude that only a small proportion of these patients may have had DK or DKA. However, the rates of DK and DKA may be only higher than reported in our study. Despite these limitations, we believe that this study provides valuable epidemiologic data on the incidence and characteristics of DK and DKA in a predominantly Caucasian population, which was previously considered to be extremely rare.
In conclusion, our study showed that DK and DKA are not uncommon in Caucasian adults and that the majority of patients presenting with DK and DKA have clinical features of T2DM. Younger age, male gender, and rural residency are associated with DK and DKA. The incidence of DK and DKA increases with age in the general population, due to the higher prevalence of T2DM. Incidence of DK is far more higher than the incidence of DKA in patients older than 50, who predominantly have T2DM. Moreover, patients with DK have higher serum pH and bicarbonates, both of which imply that DK and DKA are distinct clinical entities in patients with T2DM. Further prospective multicenter studies should assess the clinical impact of DK and DKA in patients with clinical features of T2DM. Hopefully, they will answer some important questions: Does DK precede the onset of DKA; do patients with one episode of DK have a distinct type of DM and can these patients be safely treated with peroral antidiabetic agents (for instance SGLT2 inhibitors)?
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